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(54) Mobile communication transmitter capable of selectively activating amplifiers 


(57) In a transmitter mounted on a mobile station for 
communicating with a base station, a transmission 
power amplifying section is formed by a plurality of 
amplifiers (1 . 2, 3). and a plurality of switch circuits (21. 
22, 23) are connected to the outputs of the amplifiers, 
respectively- A control circuit (9', 9", 11, 24, 25, 26) is 


connected to the amplifiers and the switch circuits, and 
activates at least one of the amplifiers and operates the 
switch circuits to serially connect the at least one ampli- 
fier in accordance with the distance between the mobile 
station and the base station. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a mobile communi- 
cation transmitter mounted on a mobile station for com- 
municating with a base station. 


Description of the Related Art 

In a portable telephone set constructed by a trans- 
mitter for mobile communication, amplifiers constituting 
a transmission power amplifying section take most of 
the power dissipated in the telephone set and hence the 
performance of the portable telephone set in terms of 
sustainable duration of call is heavily dependent on the 
efficiency of signal transmission of the transmission 
power amplifying section. The efficiency of signal trans- 
mission of the transmission power amplifying section of 
the portable telephone set is expressed by the ratio of 
high frequency output power/input DC power The effi- 
ciency is determined by the impedance characteristics 
of the matching circuits of the amplifiers. However, since 
the Impedance characteristics of the matching circuits 
vary depending on the output power and the transmitter 
frequency, the impedance of the matching circuits has 
to be selected according to the transmitter frequency 
and the output power to be used for the portable tele- 
phone set. 

In a prior art transmitter for mobile communication, 
the matching circuits of the amplifiers have a fixed 
impedance that is selected to realize a maximum effi- 
ciency for a maximum power output in the frequency 
band to be used with the portable telephone set in order 
to amplify a high frequency wave highly efficiently. This 
will be explained later in detail. 

In the prior art transmitter, however, since the 
amplifiers are adapted to be matched by means of 
input/output matching circuits, the transmission power 
amplifying section of the transmitter Is accompanied by 
the problem of a reduced efficiency at a low output level. 

JP-A-57-60739 discloses a transmitter adapted to 
auwomatically select an output matching circuit that can 
minimize the efficiency out of a plurality of prearranged 
output matching circuits in order to improve the effi- 
ciency for low output operation. This transmitter is 
formed by a controller for issuing a switch signal for 
selecting an output matching circuit and an optimal 
value determining unit for selecting an optimal matching 
circuit and transmitting a signal to a matching switch cir- 
cuit in addition to the components of the conventional 
portable telephone system. 

However, with the transmitter of JP-A-57-60739. 
however, the amplifiers (transistors) of the transmitter 
are not modified if an optimal output matching circuit is 
selected as a function of the output power level. In other 


words, no improvement can be expected for the effi- 
ciency of the transmitter in the operating zone of 10 to 
30dB below the maximum output level if it is used for a 
portable telephone system. This is because, while large 

5 transistors having a large gate width in the case of FETs 
and having a size corresponding to the number of emit- 
ters in the case of bipolar transistors have to be used to 
accommodate the predetermined maximum output 
power, the transistors show a fall in the efficiency of 

w amplification when they are driven in the operating zone 
of 10 to SOdB below the maximum output level if com- 
pared with transistors having an optimal size. The rea- 
sons for this are as follows: 

15 (1 ) The large transistors have a low impedance and 
hence cannot be matched perfectly. 
(2) The matching circuit itself that is matched with 
such a low impedance can show a high passing 
loss. 

20 (3) Generally, a large transistor is constructed by a 
plurality of unit cells coupled in parallel and the 
potential of the cells cannot be exploited fully due to 
the variances in the performance of the cells and 
the coupling loss of the cells. 

25 (4) A large transistor shows a low gain when com- 
pared with an element having a size optimally 
adapted to a low output level: 

Thus, it will be obvious that the efficiency of opera- 
30 tion of the transistors having a size optimally adapted to 
a low output level is by far higher than the efficiency of 
operation of the transistors having a larger size particu- 
larly in the operating zone around the maximum output 
level. 

35 The ratio of the maximum transmission output and 
the minimum transmission output is referred to as out- 
put dynamic range, which is about 30dB for conven- 
tional protable telephone sets. However, an output 
dynamic range of 60 to 70 dB is required for portable tel- 

40 ephone sets to be used for a code division multiple 
access (CDMA) system that has become commercially 
available recently. Ttius. it is particularly necessary for 
the transmission power amplifying section of a portable 
telephone set having such a wide dynamic range to 

45 show an improved efficiency. 

However, with the transmitter of JP-A-57-60739, 
the transistor arranged in the last stage has a predeter- 
mined size and hence shows an efficiency of less than 
1 0% for a low output level of about +10 to -lOdBm as in 

so the case of the above described amplifiers if an optimal 
output matching circuit is selected out of a plurality of 
matching circuits as a function of the output level. Thus, 
the technique disclosed in JP-A-57-60739 is not effec- 
tive for achieving a wide output range. It should be noted 

55 here that JP-A-57-60739 describes only a transmitter 
with 0.5W (+27diBm) for a low output level and 2W 
(+33dBm) for the maximum output level as a specific 
example. 
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Adcfrtionaily. a transmitter as described in JP-A-57- 
60739 is cor^ucted by PIN diodes as means for 
selecting an output matching circuit, which has to be 
constantly biased so that all the output matching circuits 
may be svvJtched sequentially. Then, an electric current 5 
of several mA flows through the biased PIN diodes. 
Since a pair of PIN diodes are required for each of the 
output matching circuits, a total of 2 x n PIN diodes have 
to be used for "n" matching circuits. If a PIN diode con- 
sumes power at a rate of-lmArthen-the powerdissipa — 10 
tion of all the PIN diodes will be n x 2mA regardless of 
the output power of the transmitter. This raises a serious 
problem for a portable tel^hone set that is required to 
be of an power saving type. 

15 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
transmitter for mobile communication that can provide a 
high efficiency for a wide output dynamic range 20 

According to the present invention, in a transmitter 
mounted on a mobile station for communicating with a 
base station, a transmission power. anplifying section is 
formed by a plurality of amplifiers, and a plurality of 
switch circuits are connected to the outputs of the ampli- 25 
tiers, respectively. A control circuit is connected to the 
amplifiers and the switch circuits, and activates at least 
one of the amplifiers and operates the switch circuits to 
serially connect the at least one amplifier in accordance 
with the distance between the mobile station and the 30 
base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under- 35 
stood from the description as set forth below, as com- 
pared with the prior art, with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a block drcutt diagram illustrating a prior art 40 
mobile communication transmitter; 
Fig. 2 is a detailed block circuit diagram of the 
amplifier of Rg. 1 ; 

Fig. 3 is a graph showing a relationship between 
the transmission output power and the efficieny of 45 
the transmission power amplifying section of Fig. 1 ; 
Rg.- 4 is a block circuit diagram illustrating a first 
embodiment of the mobile communication system 
according to the present invention; 
Fig. 5 is a detailed circuit diagram of the voltage so 
control circuit of Fig. 4; 

Fig. 6 is a table showing a relationship between the 
control signals of the control circuit and the control 
signals of the voltage control circuit of Fig. 4; 
Figs. 7A through 7D are block circuit diagrams for 55 
explaining the operation of the transmitter of Fig. 4; 
Fig. 8 is a graph showing a relationship between 
the transmission output power and the efficiency of 
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the transmission power amplifying s^ion of Rg. 4; 
and 

Rg. 9 is a block circuit diagram illustrating a second 
ennt>odiment of the mobile communication transmit- 
ter according to the present invention. 
Rg. 10 is a table showing a relationship between 
the control signals of the control circuit and the con- 
trol signals of the voltage control circuit of Fig. 9; 
Rgs. 1 1 A through 1 1 D are Uock circuit diagrams for 
- explaining the operation of the transmitter of Fig. 9; 
and 

Rgs. 12 and 13 are graphs showing relationships 
between the transmission output power and the 
efficieny of the transmission power amplifying sec- 
tion of Fig. 9. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before the description of the preferred embodi- 
ments, a prior art mobile communication transmitter will 
be explained with reference to Rgs. 1 and 2. 

In Rg. 1 , which illustrates a prior art mobile commu- 
nication transmitter mounted in a mobile station, an 
input signal Sin amplified by an automatic gain control 
(AGC) amplifier 1 and amplifiers 2 and 3. arid is output 
via a directional coupler 5 as an output signal Sout- 

The AGC amplifier 1 amplifies the input signal Sjn 
with an AGC gain determined by an AGC control volt- 
age, and generates an output signal S^ 

The amplifier 2 amplifies the output signal S^ of the 
AGC amplifier 1 with a constant gain and generates an 
output2 signal S2. 

The amplifier 3 amplifies the output signal S2 of the 
amplifier 2 with a constant gain and generates an 
output2 signal S3. 

The amplifier 4 amplifies the output signal S3 of the 
amplifier 3 with a constant gain and generates an 
output2 signal S4. 

The directional coupler 5 generates about 1/100 of 
the output signal S4 of the arrpltfier 4 to a detector 6 and 
generate the remaining output as the output signal 

The detector 6 detects the output signal from the 
directional coupler 5 and outputs it as a detection volt- 
age Vo A comparator 7 compares the control voltage 
otstained from the controller 10 and the detection volt- 
age Ve from the detector 6 with a reference voltage Vp|, 
and generates a correction signal S5 and transmits it to 
an AGC voltage control circuit 7a to compensate for the 
difference between the detection voltage Vq and the ref- 
erence voltage Vr. The AGC voltage control circuit 7a 
generates the AGC control voltage in accordance with 
the correction signal S5. 

The mobile station system is typically provid^i with 
a functional feature of automatic power control (APC) 
for controlling the output pov/er of the transmitter by 
selecting one of several predetermined power levels 
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according to the distance between a base station and 
the mobile station. Thus, the mobile station detects the 
signal strength of radio waves transmitted from the base 
station and received by it by means of a received signal 
strength indicator (RSSI) 8 in order to obtain a signal Sq 5 
on the distance between the base station and the 
mobile station. The distance signal S5 is then transmit- 
ted to a control circuit 9. 

The control circuit 9 reads out the reference voltage 
V^from a read-only-memory (ROM) 10 using the dis- 10 
tance signal S5 as an argument. 

The control circuit 9 also controls a power supply 
source 1 1 for supplying power supply voltage to the 
AGO amplifier 1 . the amplifiers 2. 3 and 4. and the AGO 
voltage control circuit 7a in accordance with the system is 
requirement. For example, the control circuit 9 periodi- 
cally turns OFF the power supply source 1 1 , thus reduc- 
ing the power dissipation. 

As illustrated in Fig. 2. the amplifier 2 is formed by 
an input matching circuit 201 with a fixed impedance, an 20 
amplifying section 202 typically constituted by a field 
effect transistor (FET) and an output matching circuit 
203 with a fixed impedance. The amplifier 2 is made to 
match the characteristic impedance of 50n by the input 
matching circuit 201 and the output matching circuit 203 25 
in order to realize a maximum efficiency within a range 
selected to satisfy the required distortion characteris- 
tics. Note that the amplifiers 3 and 4 have the same con- 
figuration as the amplifier 2. 

Since the mobile station is required by specifica- 30 
tions to realize desired characteristics at a maximum 
output level, the input matching circuit 201 and the out- 
put matching circuits 203 of the amplifiers 2, 3 and 4 are 
so arranged as to realize a maximum efficiency when 
the output power of the amplifier 4 reaches its maximum 35 
level. 

However, as the matching circuits 201 and 203 are 
so arranged as to realize a maximum efficiency for the 
amplifying sections when the output of the APC reaches 
its maximum level, the efficiency of the transmission. 40 
power amplifying section (2, 3. 4) will be reduced when 
the output power level is lowered, as shown in Fig. 3. 

It will be seen from Fig. 3 that the transmission 
power amplifying section (2, 3, 4) shows an efficiency of 
60% or more with an output level of 1 W ( -h 30 dBm) or 45 
higher, but the efficiency falls below 10% when the out- 
put level is reduced by 20dB (to + lOdBm). 

Generally, a difference between the maximum out- 
put level and the minimum output level of the APC is 
about 20 to 30dE ^^nd the APC is operating with the so 
minumum output --vel Jn urban areas and in areas 
where the mobile station is located close to the base 
station. However, since the mobile station shows a low 
efficiency for the transmission power amplifying section 
(2. 3. 4) when the output power level is low. it cannot ss 
effectively reduce the power dissipation if it is used in 
such areas. 

There has been proposed a technique of reducing 


idle currents of the amplifiers that flow when no high fre- 
quency signal is received by modifying the predeter- 
mined level of the gate bias voltage according to the 
output level of the APC in order to improve the efficiency 
of the mobile station. However, since the gate bias volt- 
age can be modified only by 0.3V from the level prede- 
termined for the maximum power output by such a 
technique, while the technique may be effective for 
reducing the fall of efficiency in the operating zone 5 to 
lOdB below the maximum output level, it is practically 
useless in the zone of 20 to 30dB below the maximum 
output level and the efficiency falls to less tfian 10% as 
in the case where such a technique is not used. 

In Fig. 4, which illustrates a first embodiment of the 
present invention, a switch circuit 21 is provided 
between the AGC annplif ier 2 and the amplifier 3 of Fig. 
1 , a switch circuit 22 is provided between the amplifiers 
2 adn 3 of Fig. 1, and a switch circuit 23 is provided 
between the annplif ier 4 and the directional coupler 5 of 
Fig. 1 . The switch circuits 21 . 22 and 23 are connected 
in series. Also, a bias control circuit 24 is provided 
between the power supply source 1 1 and the amplifier 3 
of Fig. 1, and a bias control circuit 25 is provided 
between the power supply source 1 1 and the amplifier 4 
of Fig. 1 , A voltage control circuit 26 controls the switch 
circuits 21, 22 and 23 and the bias control circuits 24 
and 25. 

A control circuit 9' is provided instead of the control 
circuit 9 of Fig. 1 . The control circuit 9' controls the volt- 
age control circuit 26 in addition to the comparator 7 and 
the power supply source 1 1 . That is. the control circuit 9' 
reads out the reference voltage Vr from the ROM 10 
using the distance signal Sg as an argument. Also, the 
control circuit 9' reads out control signals Ci. C2 and C3 
from the ROM 10 using the distance signal Sg as an 
argument. The voltage control circuit 26 receives the 
control signals C^ and C2 from the control circuit 9* to 
generate control signals G4. C5, Cg, C7 and Cs- The 
voltage control circuit 26 Is illustrated in Fig. 5. There- 
fore, if the control circuit 9* generates the control signals 
Ci, C2 and C3 as shown in Fig. 6, the voltage control cir- 
cuit 26 generates the control signals C4, C5, Cq, C7 and 
Cs as shown in Fig. 6. Note that the control signal C3 is 
an OR logic between the control signals C^ and C2. 

Each of the switch circuits 21 and 23 is formed by a 
single pole dual throw (SPDT) switch circuit. For exam- 
ple, if the control signal C4 is high (= "1"), the switch cir- 
cuit 21 connects the amplifier 2 to the amplifier 3, while 
if the control signal C4 is low (= "0"). the switch circuit 21 
connects the amplifier 2 to the switch circuit 22. Also, if 
the control signal Ca is high (= "1"). the switch circuit 23 
connects the amplifier 4 to the directional coupler 15. 
while if the control signal Cs Is low (= "0"), the switch cir- 
cuit 23 connects the switch circuit 22 to the directional 
coupler 5. 

The switch circuit 22 is formed by a double pole 
dual throw (DPDT) switch circuit, For example. If the 
control signal Cg Is high (= "1"), the switch circuit 22 
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connects the amplifier 3 and the switch drcuit 21 to the 
annpltfier 4 and the svvitch circuit 23, r^pectively. On the 
other hand, if the control signal Ce is low (= "0"). the 
switch circuit 22 connects the amplifier 3 to the ^tch 
circuit 23. 5 

The switch ciroiits 21 , 22 and 23 are preferably ter- 
minating type switches in order to minimize the return 
loss that arises when turned OFF. 

The amplifiers 2. 3. and 4 have different element 
sizes and are arranged in the'ascending order-of their — io- 
output power levels or in the order of the amplifier 2, the 
amplifier 3 and the arrtplifier 4 in order to realize a high 
efficiency. 

The switch circuits 21 , 22 and 23 and the amplifiers 
2, 3 and 4 are controlled for switching states I, n and m is 
as shown in Fig. 6 in such a way that the output power 
level to be selected for each element is predetermined 
in order to realize a high efficiency over a wide dynamic 
range and the data relating to the switching operation of 
each element are stored in the ROM 1 1 . The ARC oper- 20 
atton that does not need to change the number of the 
amplifiers 2, 3 and 4 is conducted by modifying the gain 
of the AGC amplifier 1 by means of the AGO voltage 
control circuit 7a as in the transmitter of Fig. 1. The 
switching control of the states I. TT and UT has priority 25 
over the ARC so that an ARC operation can take place 
only after the switching control. 

The states I . n and in of Fig. 6 are dependent upon 
the distance between the mobile station and the base 
station, i.e.,-the distance signal Se- so 

Now. the operation of the transmitter of Fig. 4 will be 
explained with reference to Rgs. 7A. 7B. 70, 7D and 8. 

A signal to be transmitted is firstly modulated by a 
base band section (not shown) and then made to show 
the transmission frequency before it is entered into the 35 
AGC and amplifier 1. 

If the mobile station is separated from the base sta- - 
tion by a long distance, the control information read out 
of the ROM 10 in correspondence to the distance signal 
Ss serves to adapt the transmission power amplifying 40 
section to the maximum output level. Thus, the control 
circuit 9' generates a reference voltage Vr' to the com- 
parator 7 that makes the transmission power amplifying 
section adapt to the maximum output level. Addrtionally, 
the control circuit 9* causes the control signals C^, C2 45 
and G3 to be high (see state I of Fig. 6) in order to adapt 
the transmission power amplifying section to the maxi- 
mum output level. As a result, all the control signals C4, 
C5, Cg, C7 and Ce generated by the voltage control cir- 
cuit 26 are high (= "1") as shown in Fig. 6. - so 

In the state I . the power supply source 1 1 is turned 
ONI by the control signal C3 so that consequently the 
AGC voltage control circuit 8, the AGC amplifier 1 . the 
amplifier 2, and the bias control circuits 24 and 25 are 
fed with a power supply voltage. The bias control circuit ss 
24 fonwards the voltage from the power supply source 
1 1 to the amplifier 3, while the bias control circuit 25 for- 
wards the voltage from the power supply source 11 to 


the amplifier 4. Thus, as shown in Rg. 7A. the amplifiers 
2. 3 and 4 are activated. 

Furthermore, in the state I . the switch circuit 21 for- 
wards the output of the amplifier 2 to the amplifier 3. and 
the switch circuit 22 forwards the output of the amplifier 
3 to the amplifier 4, and the switch drcuit 23 forwards 
the output of the arrplif ier 4 to the directional coupler 5. 
Thus, as shown in Rg. 7A, the transmission signal 
entered into the AGC amplifier 1 is output by way of the 
"route of the amplifier 2 ->the switch circuit 21 ^the 
amplifier 3 -►the switch circuit 22 the amplifier 4 
->the switch circuit 23 -►the directional coupler 5. 

The directional coupler 5 transmits a signal with a 
level of a hundredth of the transmission output level to 
the detector 6. The output of the directional coupler 5 is 
transformed into a detection voltage Vp that is a DC 
voltage detected by the detector 6 and then sent to the 
comparator 7. The comparator 7 compares the detec- 
tion voltage Vp with the reference voltage V r from the 
control circuit 9' and correction signal S5 is transmitted 
to the AGC voltage control circuit 7a in order to minimize 
the difference between the detection voltage V q and 
the reference voltage Vr. The AGC voltage control cir- 
cuit 8 regulates the gain of the AGC amplifier 1 by mod- 
ifying the AGC voltage to shift the output power level to 
the amplifier 2 to the level specified by the correction 
signal S5. In this way, the control circuit 9' sets the out- 
put power level of the output terminal of the switch cir- 
cuit 23 to a desired value. 

Curve I in Fig. 8 shows the relationship between the 
output power of the transmisison power amplifying sec- 
ton and the efficiency of its operation in state I as 
shown in Fig. 7A. Note that, if the maximum output level 
of the mobile station is +31dBm, the efficiency of the 
transmission power amplifying section will be about 
60%. 

Now. assume that the mobile station moves close to 
the base station. Then, the AGC amplifier 1 is regulated 
to reduce its gain and hence the output level of the 
transmission power amplifying section is lowered in 
response to the change in the distance signal 85. As a 
result, the efficiency of the transmission power anrplify- 
ing section is reduced from the maximum output level. 
For exanple. if the efficiency of the outpuft power of 
+31dBm is 60%. it will be lowered to somewhere around 
20% when the output power is reduced to +20dBm. 

In the above-described state, the control circuit 9' 
detects that the mobile station is moving closer to the 
base station on the basis of the distance signal Sq and 
causes the control signal Cg to be low (= "0") (see state 
n of Fig. 6). Therefore, the voltage control circuit 26 
causes the control signals Cq. C7 and Cb to be low (= 
"0"). As a result, as shown in Fig. 7B. the amplifier 3 is 
connected via the switch circuits 22 and 23 to the direc- 
tional coupler 5. Simultaneously the bias control circuit 
25 interrupts the supply of voltage to the amplifier 4. so 
that the amplifier 4 is deactivated, thus reducing the 
power dissipation. Consequently, as shown in Rg. 7B, 
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the transmission signal entered into the AGO amplifier 1 
is output by way of the route of the amplifier 2 -> the 
switch circuit 21 the amplifier 3 -->the switch circuit 22 
->the switch circuit 23 -»the directional coupler 5. In 
other words, the amplifiers 2 and 3 are turned ON while 5 
the amplifier 4 is turned OFF. 

Curve n is Fig. 8 shows the relationship between 
the output power of the transmission power amplifying 
section and the efficiency of its operation under state n 
as shown in-Fig-6r-lt-will-be-seen from FIgrS that the- 70 
transmission power amplifying section shows an effi- 
ciency of about 60% when the output power is about 
+23dBm to +24dBm. 

As the mobile station moves on to approach closer 
to the base station, the gain of the AGC amplifier 1 is is 
regulated to reduce the output power of the transmis- 
sion power amplifying section to lower the efficiency of 
operation of the transmission power amplifying section. 
For example, the efficiency will become as low as 20 % 
when the output power at the output terminal of the 20 
switch circuit 23 is reduced to about +12dBm. 

However, lipon detecting that the mobile station Is 
very close to the base station on the basis of the dis- 
tance signal Sg. the control circuit 9' causes the control 
signals Ci and C2 to be low (= "0") and high (= "1"), 25 
respectively (see state m of Fig. 6). Therefore, the volt- 
age control circuit 26 causes the control signals C4 and 
C5 to be low (= "0") and causes the control signal Ce to 
be high {= "1"). As a result, as shown in Fig. 7C, the 
amplifier 2 is connected via the switch circuits 21, 22 30 
and 23 to the directional coupler 5. Simultaneously, the 
bias circuit 24 interrupts the supply of voltage to the 
amplifier 3. so that the anplifler 3 is deactivated, thus 
reducing the power dissipation. Consequently, the 
transmission signal entered into the AGC amplifier 1 is 35 
output by way of the route of the amplifier 2 ->the switch 
circuit 21 ->the switch circuit 22 ^the switch circuit 23 
->the directional cpupler 5. In other words, only the 
annpllf ler 2 is turned ON whiile the amplifiers 3 and 4 are 
turned OFF so that the output of the amplifier 2 is 40 
directly used as output power of the transmission power 
amplifying section of the mobile station. 

Curve m in Fig. 8 shows the relationship between 
the output power of the transmission power amplifying 
section and the efficiency of its operation under state III 45 
as shown in Fig. 6. It will be seen from Fig. 8 that the 
transmission power amplifying section shows an effi- 
ciency slightly lower than 60% when the output power is 
reduced to about +1 2dBm to 1 3dBm. 

On the other hand, under a special state IV as so 
shown in Fig. 6. the control circuit 9' causes all the con- 
trol signals C-i , C2 and C3 to be low (= "0"). As a result, 
the AGC voltage control circuit 7a. and the AGC circuit 
1 are deactivated. Simultaneously, as shown in Fig. 7D. 
all the amplifiers 2. 3 and 4 are deactivated. ss 

in the first embodiment, the transmission power 
amplifying section operates with an efficiency of about 
60% over a wide output power range between +12dBm 


10 

and +31dBm. Thus, the efficiency of the transmission 
power amplifying section can be held to a high level over 
a wide output dynamic range. 

Note that a general sequential control technique 
may be used for the first embodiment If the elements 
employed In the amplifiers 2 through 4 require special 
consideration in the manner of biasing or, for example, a 
gate bias voltage and a drain bias voltage have to be 
sequentially applied in the above order for biasing the 
FETs of the amplifiers. 

The first embodiment can be used for a portable tel- 
ephone system or the like without modifying any other 
elements of the system. 

With the first embodiment, the variable range of the 
gain of the AGC amplifier 1 can be reduced by more 
than 20dB because the transmission power is regulated 
by selectively using the amplifiers 2, 3 and 4. 

Additionally, while the amplifiers 2, 3 and 4 are 
matched to provide a maximum efficiency for the maxi- 
mum output level in the first embodiment, it is a known 
practice in the design of amplifiers to arrange matching 
circuits so as to achieve a maximum efficiency under 
the conditions that satisfy desired distortion characteris- 
tics if they are used In a system that requires the adja- 
cent channel leakage power to be suppressed below a 
specified level. 

Particularly, in the case of code division multiple 
access (CDMA) type portable telephone systems that 
have been increasingly attracting attention in recent 
years, data shows that the transmission power level of 0 
to +10dBm is used by far much more frequently than 
any other power levels. Additionally, portable telephone 
sets available today are required to maximize the effi- 
ciency at the highest output level and, at the same time, 
show an improved efficiency at the output level of 0 
+10dBm. Since the first embodiment can meet these 
requirements satisfactorily it is particularly adapted to a 
CDMA type portat^e telephone system. 

In Fig. 7, which illustrates a second embodiment of 
the present invention, a dual band system is adopted. 
That is, an SPDT type switch circuit 31 formed by an 
SPDT switch circuit is provided instead of the DPDT 
type switch circuit 22 of Fig. 4, and a matching circuit 32 
and a directional coupler 33 for generating an output 
signal Squx at*© connected to the switch circuit 31. For 
example, if the control signal Cs Is high (= "1"), the 
switch circuit 31 connects the amplifier 3 to the amplifier 
4, while if the control signal C© is low (= "0"), the switch 
circuit 31 connects the amplifier 3 to the matching circuit 
32. 

The matching circuit 32 makes the output of the 
switch circuit 31 match the selected Impedance and for- 
wards this output to the directional coupler 33. A desired 
frequency band can be selected for the maximum effi- 
ciency. 

The directional coupler 33 has the same configura- 
tion as the directional coupler 5 and is arranged at the 
output side of the matching circuit 32 so that a transmls- 
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sion output with a power level that is about a hundredth 
of the power level of the output generated by way of the 
matching circuit 32 is fed to the detector 6. 

Assume now that the second embodiment is 
applied to the transmission power amplifying section of 
a mobile station adapted to both a personal digital cellu- 
lar (PDC) system which is a digital portable tel^hone 
system available in Japan and a personal handy-phone 
(PHS) system which is a digital codeless system also 
available-in-dapan.-The transmission frequency of the 
mobile station wrill be f=925MHz to 960MH2 if a SOOMHz 
band is used for the PDC system and f-1.429MH2 to 
1.453MHz band if a 1.5GHz band is used for the PDC 
system. On the other hand, the transmission frequency 
of the mobile station will be f=1.895MHz to 1.918MH2 
for the PHS system. Thus, the amplifiers of the mobile 
station are required to match these different frequencies 
optimally Note that the maximum output level is about 
+30.5dBm for the PDC system and about +21dBm for 
the PHS system. 

In view of the foregoing, the amplifiers 2 and 3 will 
be designed as wide band amplifiers having an operat- 
ing frequency between 900M Hz and 1.9GHz and the 
respective input matching cirojit of the amplifiers 2 and 
3 (see Fig. 2) will be designed to operate in a desired 
manner between 925MHz and 1 ,920MHz, Note that the 
amplifiers 2, 3 and 4 of the second embodiment have 
the same configuration as those of Rg. 4. Also, note that 
the amplifier 4 is adapted to be matched so as to pro- 
vide a maximum efficiency at the maximum output level 
in a narrow band of 925MHz to 960 MHz or 1,429MHz 
to 1, 453MHz. A maximum efficiency as used herein 
refers to the efficiency within arange that meets a 
desired adjacent channel leakage power. 

On the other hand, the matching circuit 32 is 
adapted to match the operating frequency, of the PHS 
system between 1.895MHz and 1.918MHz. The switch 
circuits 21 and 31 show a small insertion loss for a band 
of about f-900MH2 and that of about 2GH2. ft may be 
sufficient for the switch circuit 4 to have an operating fre- 
quency band similar to the amplifier 4. 

Also, a control circuit 9" s provided instead of the 
control circuit 9' of Fig. 4, to respond to the dual band 
system. That Is, the control circuit 9" also receives a 
system mode signal Sy in addition to the distance signal 
Se- Note that the system mode signal Sy for mode the 
PDC system or the PHS system is set in advance by the 
user. 

The switch circuits 21,31 and 23 and the anplif iers 
2. 3 and 4 are controlled for switching states I, n and III 
as shown in Fig. 10 in such a way that the output power 
level to be selected for each element is predetermined 
in order to realize a high efficiency over a wide dynamic 
range and the data relating to the switching operation of 
each element are stored in the ROM 1 1 . The APC oper- 
ation that does not need to change the number of the 
amplifiers 2. 3 and 4 is conducted by modifying the gain 
of the AGC amplifier 1 by means of the AGC voltage 
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control circuit 8 as in the transmitter of Fig. 1. The 
switching control of the states I , n and m has priority 
over the APC so that an APC operation can take place 
only after the switching control. 

5 When the mobile station is used for the PDC sys- 

tem, the states I and n of Fig. 10 are dependent upon 
the distance between the mobile station and the base 
station, i.e., the distance signal S5. 

Now. tiie operation of tiie transmitter of Rg. 9 will be 

10 explained with reference to Figs. 11A. 11 B, 11 C, 11 D, 
12 and 13. 

Rrst. assume that the mobile station is used for the 
PDC system, i.e., the system mode signal Sy indicates 
the PDC system. 

15 In this case, a signal to be transmitted is firstly mod- 
ulated by a base band section (not shown) and then 
made to show the transmission frequency before it is 
entered into the AGC amplifier 1 . 

If the mobile station is separated from the base sta- 

20 tion by a long distance, the control information read out 
of the ROM 10 in correspondence to the distance signal 
Sq serves to adapt the transmission power amplifying 
section to the maximum output level. Thus, the control 
circuit 9" generates a reference voltage Vr' to the com- 

25 parator 7 that makes the transmission power amplifying 
section adapt to the maximum output level. Additionally, 
the control circuit 9" causes the control signals C^. Cg 
and C3 to be high (see state I of Fig. 10) in order to 
adapt the transmission power amplifying section to the 

30 maximum output level. As a result, all the control signals 
C4. C5, Ce. Cy and Cs generated by the voltage control 
circuit 26 are high (= "1") as shown in Fig. 10. 

In the state I , the power supply source 1 1 is turned 
ON by the control signal C3 so tiiat consequently the 

35 AGC voltage control circuit 8, the AGC amplifier 1 , the 
amplifier 2. and the bias control circuits 24 and 25 are 
fed with a power supply voltage. The bias control circuit 
24 forwards the voltage from the power supply source 
1 1 to the amplifier 3, while the bias control circuit 25 for- 

40 wards the voltage from the power supply source 1 1 to 
the amplifier 4. Thus, as shown in Fig. 1 1 A, the amplifi- 
ers 2, 3 and 4 are activated. 

Furthermore, in the state I , Uie switch circuit 21 for- 
wards the output of the amplifier 2 to the amplifier 3, and 

45 the switch circuit 31 forwards the output of the amplifier 
3 to the amplifier 4. and the switch circuit 23 forwards 
the output of the amplifier 4 to the directional coupler 5. 
Thus, as shown in Fig. 11 A, the transmission signal 
entered into the AGC amplifier 1 is output by way of the 

50 route of the amplifier 2 -*the switch circuit 21 ->the 
amplifier 3 ->the switch circuit 22 ->the amplifier 4 ^the 
switch circuit 23 ^the directional coupler 5. 

The directional coupler 5 transmits a signal with a 
level of a hundredth of the transmission output level to 

55 the detector 6. The output of the directional coupler 5 is 
transformed into a det^ion voltage Vp tiiat is a DC 
voltage detected by the detector 6 and then sent to the 
comparator 7. The comparator 7 compares the detec- 
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tion voltage Vp with the reference voltage Vr from the 
control circuit 9* and correction signal S5 is transmitted 
to the AGC voltage control circuit 7a in order to minimize 
the difference between the detection voltage Vq and the 
reference voltage Vr. The AGC voltage control circuit 8 
regulates the gain of the AGC amplifier 1 by modifying 
the AGC voltage to shift the output power level to the 
amplifier 2 to the level specified by the correction signal 
S5. In this way. the control circuit 9" sets the output 
-power-level of the output terminal of the switch circuit 23 
to a desired value. 

Curve I in Fig. 12 shows the relationship between 
the output power of the transmisison power amplifying 
section and the efficiency of its operation in state I as 
shown in Fig. 11 A. Note that, if the maximum output 
level of the mobile station is +31dBm. the efficiency of 
the transmission power amplifying section will be about 
60%. 

As the mobile station moves on to approach closer 
to the base station, the gain of the AGC amplifier 1 is 
regulated to reduce the output power of the transmis- 
sion power anplifying section to lower the efficiency of 
operation of the transmission power amplifying section. 
For example, the efficiency will become as low as 20 % 
when the output power at the output terminal of the 
switch circuit 23 is reduced to about +12dBm. 

However, upon detecting that the mobile station is 
very close to the base station on the basis of the dis- 
tance signal Se. the control circuit 9' causes the corrtrol 
signals Ci and C2 to be low (= "0**) and high (= "1"), 
respectively (see state n of Fig. 10). Therefore, the volt- 
age control circuit 26 causes the control signals C4, C5. 
C7 and Cg to be low (= "0"). As a result, as shown in Fig. 
1 1B, the amplifier 2 is connected via the switch circuits 
21, 22 and 23 to the directional coupler 5. Simultane- 
ously, the bias circuits 24 and 25 interrupts the supply of 
voltage to the amplifiers 3 and 4, so that the amplifiers 3 
and 4 are deactivated, thus reducing the power dissipa- 
tion. Consequently, the transmission signal entered into 
the AGC amplifier 1 is output by way of the route of the 
amplifier 2->the switch circuit 21 ->the switch circuit 31 
^the switch circuit 23 ->the directional coupler 5. In 
other words, only the amplifier 2 is turned ON while the 
amplifiers 3 and 4 are turned OFF so that the output of 
the amplifier 2 is directly used as output power of the 
transmission power amplifying section of the mobile sta- 
tion. . 

Curve n in Fig. 13 shows the relationship between 
the output power of the transmission power amplifying 
section and the efficiency of its operation under state n 
as shown in Fig. 10. It will be seen from Fig. 13 that the 
transmission power amplifying section shows an effi- 
ciency slightly lower than 60% when the output power is 
reduced to about +12dBm to 13dBm. 

Now, assume that the mobile station is used for the 
PHS system. In this case, the AGC amplifier 1 is regu- 
lated to adjust its gain and hence the output level of the 
transmission power amplifying section Is adjusted in 
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response to the change in the distance signal Sq. 

In this state, the control circuit 9" detects that the 
mobile statin is used for the PHS system by the system 
mode signal S7 and causes the control signal C2 to be 

5 low (= "0") (see state m of Fig. 10). Therefore, the volt- 
age control circuit 26 causes the control signals C4 and 
C5 to be high (= "1") and causes the control signals Ce, 
C7 and Cg to be low (= "0"). As a result, as shown in Rg. 
11c, the amplifier 3 is connected via the switch circuit 

10 31 to the matching circuit 32 and the directional coupler 
33. Simultaneously, the bias control circuit 25 interrupts 
the supply of voltage to the amplifier 4, so that the 
annplif ier 4 is deactivated, thus reducing the power dis- 
sipation. Consequently, as shown in Fig. 11C, the trans- 

15 mission signal entered into the AGC amplifier 1 is output 
by way of the route of the amplifier 2-> the switch circuit 
. 21-^ the amplifier 3-^the switch circuit 33 ->the match- 
ing circuit 32 -j-the directional coupler 33. In other 
words, the amplifiers 2 and 3 are turned ON while the 

20 amplifier 4 is turned OFF. 

Curve m in Fig. 1 3 shows the relationship between 
the output power of the transmission power amplifying 
section and the efficiency of its operation under state m 
as shown in Fig. 10. 

25 In the PHS system mode, the amplifier 3 is made to 
optimally match the PHS system in the narrow band of 
1.895MHz to 1.918MHz by the matching circuit 32 and 
its output is sent to the directional coupler 33. The direc- 
tional coupler 33 transmits a signal with a level of a hun- 

30 dredth of the transmission output level to the detector 6 
and then sends the remaining transmission power as 
the output signal Sout'- Thus, the second embodiment 
operates as a PHS terminal. 

On the other hiand, under a special state IV as 

35 shown in Fig. 10, the control circuit 9" causes all the 
control signals Ci, Cg and C3 to be low (= "0"). As a 
result, the AGC control circuit 8, and the AGC circuit 1 
are deactivated. Simultaneously, as shown in Fig. 11D, 
all the amplifiers 2, 3 and 4 are deactivated. 

40 Thus, the second embodiment operates as a 
mobile station set having a single transmission power 
amplifying section that is adapted to two different fre- 
quencies of the PDC system and the PHS system, and 
hence provides a great advantage in terms of compo- 

45 nent mourfting area and manufacturing cost over any 
prior art mobile stations having two transmission power 
amplifying sections, one for the PDC system and the 
other for the PHS system. In a PDC mode, the second 
embodiment shows an improved efficiency for low out- 

50 put operation as in the case of the first emtxDdiment. 

While the second embodiment is adapted to a dual 
band system of the PDC system and the PHS system, it 
may be modified to adapt itself to a dual band system of 
a global system for a mobile (GSM) system using a 

55 900MHz band and a personal communication network 
(PCN) system available in Europe or a dual band sys- 
tem of the GSM system and the PHS system. 

While the above-described first and second embod- 
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iments have a three-stage configuration of amplifiers for 
the transmission power amplifying section, the present 
invention can be applied to a transmission power ampli- 
fying section having more than three or a two-stage 
configuration of amplifiers. 5 

As explained hereinabove, according to the present 
invention, since the transmission power amplifying sec- 
tion can show a high efficiency for low output operation, 
maintaining a maximum efficiency for the maximum 
transmission output power-levelrit-can-operate highly 10 
efficiently over a wide output dynamic range to signifi- 
cantly prolong the sustainable duration of a call. In addi- 
tion, a single transmission power amplifying section can 
adapt itself to the transmission of a radio wave in either 
of two different frequency bands to reduce the element is 
mounting area and the manufacturing cost of the trans- 
mission power amplifying section. 

Claims 

20 

1 . A transmitter mounted on a mobile station for com- 
municating with a base station, comprising: 

a transmission power amplifying section 
form^j by a plurality of amplifiers (1.2. 3); 25 
a plurality of switch circuits (21 , 22. 23) each 
connected to ah output of one of said anrplifi- 
ers:and 

a control circuit (9', 9". 11, 24. 25, 26), con- 
nected to said amplifiers and said switch cir- 30 
cuits, for activating at least one of said 
amplifiers and operating said switch circuits to 
serially connect said at least one amplifier in 
accordance: with a distance between said 
mobile station and said base station. 35 

2. The transmitter as set forth in claim 1 , further com- 
prising a matching circuit (32), connected to one of 
said switch circuits, for realizing a matching at a fre- 
quency band different from a frequency band at 40 
which said amplifiers are matched. 

3. A transmitter mounted on a mobile station for com- 
municating with a t^ase station, comprising: 

45 

an automatic gain control amplifier (1); 
a directional coupler (5); 
a plurality of amplifier stages connected in 
series between said automatic gain control 
amplifier and said directional coupler, each of so 
said amplifier stages being constructed by one 
amplifier (2. 3. 4) and one switch circuit (21 , 22. 
23): and 

a control circuit (9'. 1 1 . 26), connected to said 
amplifier stages, for selectively activating said 55 
amplifier of at least one of said amplifier stages 
and operating the switch circuit of each of said 
amplifier stages to electrically connect said 
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activated amplifier in series between said auto- 
matic gain control amplifier and said directional 
coupler in accordance with a distance between 
said mobile station and said base station. 

4. The transmitter as set forth in claim 3. wherein said 
control circuit comprises: 

a first control circuit (9*) for generating a com- 
mand signal (Ci, C2) in accordance with said 
distance; and 

a second control circuit (26). connected to said 
first control circuit, for receiving said command 
signal and selectively activating and connect- 
ing said amplifier in series between said auto- 
matic gain control amplifier and said directional 
coupler. 

5. The transmitter as set forth in claim 3, wherein said 
switch circuit of a first stage of said amplifier stages 
is of a single pole double throw type, 

said switch circuit of a final stage of said 
amplifier stages being of a single pole double throw 
type. 

said switch circuit of an intermediate stage of 
said amplifier stages being of a double pole double 
tfirowtype. 

6. The transmitter as set forth in claim 3, further com- 
prising: 

a detector (6) connected to said directional 
coupler; 

a comparator (7), connected to said detector 
and said control circuit, for comparing a detec- 
tion voltage (Vq) of said detector with a refer- 
ence voltage (Vp) supplied from said control 
circuit, said reference voltage depending on 
said distance; and 
' an automatic gain control voltage control circuit 
(7a). connected to said comparator, for control- 
ling said automatic gain control arrplifier so 
that said detection voltage is brought close to 
said reference voltage. 

7. A transmitter mounted on a mobile station for com- 
munrcaving with a base station, comprising: 

an automatic gain control amplifier (1); 
first ar^ second directional couplers (5, 33); 
a plurality of amplifier stages connected in 
series between said automatic gain control 
amplifier and said first directional coupler, each 
of said anplrfier stages being constructed by 
one amplifier (2. 3. 4) and one switch circuit 
(21.31.23); 

a matching circuit (32) connectoj between an 
intermediate stage of said anplifier stages and 
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said second directional coupler, for realizing a 
matching at a frequency band different from a 
frequency band at which said amplifiers are 
matched; and 

a control circuit (9", 11 , 26). connected to said s 
amplifier stages, for selectively activating said 
amplifier of at least one of said amplifier stages 
and operating the switch circuit of each of said 
. amplifier stages to electrically connect said 

activated amplifier In series between said auto- io 

matic gain control amplifier and one of said first 
and second directional couplers in accordance 
with a distance between said mobile station 
and said base station and a system mode sig- 
nal (Sn) for selecting one of said first and sec- is 
ond directional couplers. 

8. The transmitter as set forth in claim 7, wherein said 
control circuit comprises: 

20 

a first control circuit (9") for generating a com- 
mand signal (C^, C2) in accordance with said 
distance and said system mode signal: and 
a second control circuit (26). connected to sard 
first control circuit, for receiving said command 25 
signal and selectively activating and connect- 
ing said amplifier in series between said auto- 
matic gain control amplifier and one of said 
directional couplers. 

30 

9. The transmitter as set forth in claim 7, wherein said 
switch circuit of each of said amplifier stages is of a 
single pole double throw type. 

10. The transmitter as set forth in claim 7, further com- 35 
prising: 

a detector (6) connected to said first and sec- 
ond directional couplers; 

a comparator (7). connected to said detector 40 
and said control circuit, for comparing a detec- - 
tion voltage (Vq) of said detector with a refer- 
ence voltage (Vq) supplied from said control 
circuit, said reference voltage depending on 
said distance; and 45 
an automatic gain control voltage control circuit 
(7a), connected to said comparator, for control- 
ling said automatic gain control amplifier so 
that said detection voltage is brought close to. 
said reference voltage. so 
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Fig. 2 
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Fig. 5 
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Fig. 1 1A STATE I (PDC) 
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